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Amino acids analysis is important in diverse fields, especially in clinical and 
food samples. Many methods have been developed to determine amino acids, 
including ion-exchange chromatography, gas chromatography, thin layer 
chromatography, liquid chromatography, flow injection analysis and capillary 
electrophoresis. As the majority of the amino acids are neither U V absorbing nor 
fluorescent, most developed methods involved derivatization to enhance the 
sensitivity. The derivatization methods may suffer from certain drawbacks like 
lengthy reaction procedures, the instability of certain derivatized products and lack of 
reaction with secondary amino acids with some derivatization agents. Hence, 
determination ofamino acids without derivatization is preferred. 
Reversed phase chromatography is the most widely employed technique in 
HPLC. The zwitterionic amino acids usually show poor retention in this mode of 
separation. With the presence of surface active ions in the mobile phase, the amino 
acids can be separated. Usually either U V or fluorescence detector is employed for 
amino acid determination. The use of other detectors such as conductivity detector to 
detect amino acids is rare. 
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In this study, the determination of amino acids by reversed-phase ion-pair 
chromatography with a Cig column and a conductivity detector was explored. In 
order to optimize the conditions for separation, the effects of the factors like pH, the 
ion-interacting reagent, the organic modifier and temperature were investigated. 
Two mobile phases were required to separate the amino acids. Mobile phase I 
consisted ofl.5 m M 1-octanesulphonate sodium salt and 1 m M perchloric acid in 
Milli Q water. This mobile phase can separate hydroxyproline, aspartic acid, serine, 
glycine, threonine, glutamic acid, alanine and proline. Mobile phase II was composed 
ofl.5 m M 1-octanesulphonate sodium salt and 1 m M perchloric acid in 7 % 
acetonitrile solution. Valine, tyrosine, histidine, isoleucine, leucine and arginine can 
be separated. 
The linearity ranges ofthe detected amino acids were from 0 - 500^ig/mL. 
The correlation coefficients ofall the amino acids were 0.999. The detection limits of 
the amino acids ranged from 0.11 nmol to 0.57 nmol. The detection limit could be 
lowered by lyophilization. The percentage recovery of standard amino acids were 
from 90.4 to 105.6. 
The proposed method was applied to determine the amino acids in citrus 
fruits including oranges, tangerines, lemons and grapefruits, orangejuice drinks on 


















脯氨酸。流動相n包含1.5mM正辛院磺酸鈉、1 _高氯酸和 7 %乙腈溶液。此流 
動相可分離纈氨酸、酪氣酸、組氨酸、異亮氨酸、亮氨酸及精氨酸。 
此方法可測的氣基酸線性範圍在0-500ugAnL之間，關聯系數是0.999。檢出限範 
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Chapter 1: Introduction 
1.1. Importance of amino acids 
1.1.1. Clinical samples 
Amino acids are vital to the normal functioning ofhuman beings. 
They are involved in many metabolic processes and in protein synthesis. In the 
central nervous system, they also function as neurotransmitters or neuromodulators. 
For instance, aspartate and glutamate have excitatory effects while glycine, y-
aminobutyric acid and taurine have inhibitory effects. Moreover, tryptophan plays the 
precursor role in serotonin synthesis while tyrosine and phenylalanine are important 
in the biosynthesis of catecholamines [1]. 
Either the lack or excess of amino acids can cause disease. Many 
inherited metabolic diseases are caused by a lack of specific enzymes so that there is 
an accumulation ofamino acids. Maple syrup urine disease is caused by a deficiency 
ofa-keto acid dehydrogenase. As a consequence, there is a very large increase in 
plasma and urine concentrations of the branched-chain amino acids leucine, 
isoleucine and valine. The condition can lead to early death [2]. Phenylketonuria is 
another most common inbom errors of amino acid metabolism. The disorder is 
caused by the failure ofphenylalanine hydroxylase to convert phenylalanine into 
tyrosine. This can result in mental retardation[3]. 
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All these diseases can only be treated with special diets (diets low in 
specific amino acids). Besides, the specific amino acids level in plasma and urine of 
these patients should often be monitored. 
In addition, a monitoring ofthe levels of amino acids in the body can 
give us clues about the state ofhealth. For example, an increased plasma 
concentration oftyrosine and methionine may reveal that the patient has tyrosinemia 
[2]. Hydroxyproline, the secondary amino acid, reflects the metabolism ofcollagen, 
which is involved in bone and connective tissue. Quantitation ofurinary 
hydroxyproline allows diagnosis and monitoring of a variety ofdiseases like 
osteoporosis, Paget's disease and bone secondary cancer etc [4 . 
1.1.2. Food samples 
The determination ofamino acids is of great importance in the food 
industry. It plays an essential role in assessing the nutritional value offood and 
feedstuff. The infant formula powders must satisfy the total protein requirement with 
respect to both quantity and quality. Protein quality is assessed by calculating its 
digestibility and by ensuring that the essential amino acids are present in sufficient 
concentrations. Therefore, the nutritional value of infant formula powders can only 
be fully assessed by using amino acid analysis as one ofthe analytical tests [5]. 
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Amino acids are produced during cheese ripening by the proteolytic 
action of starter bacteria and rennet. The extent of this proteolysis has been used to 
indicate the degree ofmaturity of ripening cheese [6]. It was found that the 
concentration offree amino acids in cheese correlated significantly with flavour 
development and was considered as a reliable monitor of ripening. Certain specific 
amino acids, namely, methionine, leucine and glutamic acid are good quantitative 
indicators of such activity in cheese ripening [7]. 
More specific analysis ofaparticular amino acid is also performed in 
certain food areas, like monosodium glutamate and taurine. Monosodium glutamate 
(MSG) is widely used in food as a flavour enhancer. Some individuals may suffer 
from the Chinese restaurant syndrome because of the excessive use ofmonosodium 
glutamate [8]. Taurine is also determined as it is an important amino acid in baby 
milk products and in cat food preparation [9]. 
Free amino acids enhance the taste and colour of wine. Profiling 
analysis offree amino acids in wines has thus become important for wine 
characterization. Work has been performed by using amino acids to distinguish the 
wines investigated according to brands [10 . 
Amino acid analysis finds other applications in the origin 
identification or possible adulteration of foods. Orange juice is a common 
commodity and is often subjected to adulteration. The most common adulterations 
include simple dilution with water, sugar and acid, dilution with pulpwash and 
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dilution with other cheaper fruitjuice etc. Amino acid analysis, trace metal analysis, 
oligosaccharides analysis, flavanoid analysis etc are employed to detect these 
adulterations. None ofthese methods can be used exclusively to detect all such 
adulterations as diverse factors can affect thejuice. These factors consist of 
geographical region, genetic variations, weather, year of growth, processing and 
degree of maturity. Therefore, juices are evaluated on the basis of a number of 
parameters rather than on a single index component [11]. 
There are about eight amino acids which can normally be found in 
different fruitjuices. Proline, aspartic acid, serine, asparagine, glutamic acid, alanine, 
y-aminobutyric acid, and arginine represent about ninety to ninety-five percent ofthe 
free amino acids in most fruitjuices or fruit pulps except papaya and banana. There 
is a high glycine content in papaya pulp while banana has extremely high contents of 
valine, leucine and histidine. The concentration of these eight common amino acids 
vary in different kinds offruits. For instance, the proline content is very high in citrus 
fruits while it is low in apple. Consequently, blending with foreign, generally cheaper 
kinds offruitjuice can often be recognized in the spectrum offree amino acids. 
Certain kinds offruitjuice dilution can be detected when very low contents of 
specific amino acids are noted [12]. 
Honey is another kind of food product that is often subjected to 
adulteration. The adulteration ranges from dilution with water and syrup to 
classification misbranding. Honey prices vary considerably but one ofthe factors 
which determines price is the geographical origin of the honey. Pollen analysis is the 
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generally recognized method ofdetermining both the geographical and botanical 
origin ofhoney. However, it is very dependent on expert ability andjudgement. 
Therefore, chemical methods ofcharacterizing honeys have been sought for many 
years. Amino acid analysis is one of the methods to attract attention [13]. 
Davies determined the amino acids ofhoneys from different 
geographical areas and found that they could be characterized by amino acid ratios 
[13], [14]. Moreover, Kanematsu found that free amino acid pattem and certain 
ratios between contents ofamino acids could be used to determine the geographical 
and floral origins ofhoney [15]. Furthurmore, the amino acid profile ofsix kinds of 
honey from different botanical sources were analyzed by capillary gas 
chromatography. It was found that the overall amino acid profile did enable 
differentiation between specific types ofhoney [16]. In addition, Conte found that 
free amino acid composition ofhoney together with other chemical parameters 
including water activity, reducing sugars, total sugars and pH could be adopted to 
discriminate the floral origin [17]. In a review by Anklam, the amino acid profiles 
could give an indication ofthe botanical source ofhoney samples. However, the 
method must be employed in conjunction with other techniques in order to obtain a 
reliable identification of the country of origin [18]. 
The study from Abdel-Aal statistically showed that proline is 
negatively correlated with sugar composition. Consequently, reduction in proline 
concentration can be taken as good indicators for the adulteration ofhoney with high 
fructose com symp [19]. 
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As the analysis ofamino acids is so important no matter in clinical or 
food samples, a handful ofmethods have been developed for their accurate 
determination. 
1.2. Reviews of amino acid analysis 
1.2.1. Ion - exchange chromatography 
The traditional method ofamino acid analysis is the ion-exchange 
separation ofamino acids developed by Moore, Spackman, and Stein [20]. The 
samples were applied to the column at low pH, and elution effected with a series of 
buffers ofincreasing pH and / or ionic strength. Detection was accomplished via 
post-column derivatization with ninhydrin to produce a product that was detected 
colorimetrically [21]. The original method takes quite a long time to achieve 
separation. Nowadays, there are dedicated amino acid analyzers based on the same 
principle but with a shorter separation time. 
1.2.2. Gas Chromatography 
The application ofgas chromatography to amino acid analysis has 
been extensively investigated since the early 1960s. The low volatility ofthe amino 
acids has necessitated derivatization for the application of gas chromatography. A 
wide range ofderivatization procedures has been developed based on the pioneering 
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work ofGehrke et al. [22]. The N-acyl amino acid alkyl esters are used commonly. 
These derivatives are formed in two separate stages : an acid - catalysed 
esterification ofthe carboxyl group, followed by an acylation ofthe amino group. 
Various reagents capable ofadding different acyl and ester moieties are available, for 
instance, N-trifluoroacetyl (TFA) n-butyl, N-TFA w-propyl, N-TFA-isopropyl, N_ 
heptafluorobutyryl (HFB) isopropyl andN-HFB isobutyryl. These reagents influence 
the volatility ofthe derivative and its chromatographic resolution. Silylation 
formation oftrimethylsilyl (TMS) derivatives has also been used. However, there 
may be problems due to the formation of multiple derivatives ofeach amino acid. 
Recently tert-butyl-dimethylsilyl (TBDMS) derivatives have shown promise. 
Historically, G C amino acid analyses were performed on packed 
columns. N o w they have been replaced by fused silica capillary columns, which are 
available in a range ofstationary phases. Typically, 10-30 m long columns are used, 
wall-coated with either a non-polar (e.g. OV-101, BP-1, SE-30 or DB-1) or a slightly 
polar (e.g. SE-54, OV-1701) stationary phase. 
A wide variety of detectors can be used, namely, flame ionization, 
electron capture, nitrogen-phosphorus and flame photometric [23；. 
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1.2.3. Thin layer chromatography 
The wide choice ofsorbent materials and solvent systems in thin layer 
chromatography enable the selective detection of amino acids. This method was 
found useful for screening programs for the diagnosis of metabolic diseases [24]. 
1.2.4. Flow injection analysis 
Puchades demonstrated the determination of free amino acids in 
cheese by flow injection analysis with an enzymic reactor and chemiluminescence 
detector [7]. However, this method was only suitable for a few amino acids, namely, 
leucine, phenylalanine, tryptophan and methionine. 
The Akhtar's group studied the use of conducting electroactive 
polymer modified electrodes as sensors for the detection of amino acids using flow 
injection analysis. The selectivity for individual amino acids was dependent on the 
nature ofthe polymer. The pattem obtained showed that the neutral, acidic and basic 
amino acids had different affinity for the polymer electrodes. These patterns obtained 
on multi-electrode systems indicated that conducting polymer electrodes could be 
applied to distinguish between different amino acids [25]. 
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1.2.5. Liquid Chromatography 
The determination ofamino acids by liquid chromatography are well 
established. Only phenylalanine, tyrosine and tryptophan can be determined directly 
because oftheir native uv absorbing property. In order to enhance detection 
sensitivity, either pre-column or post-column derivatization are performed. However, 
pre-column methods are preferred as they are more sensitive and precise. 
A number ofreagents has been investigated for pre-column 
derivatization. In a review by Walker, the most promising ones include o-
phthalaldehyde (OPA), phenylisothiocyanate (PITC), 9-fluorenylmethyl 
chloroformate (FM0C-C1) and 4-fluoro-7-nitro-benzo-2-oxa-1,3-diazole O^BD-F) 
[23]. Now, more derivatization reagents, for instance, 1,2-naphthoquinone-4-
sulphonate [26], acridone-N-acetyl chloride (ARC-C1), carbazole-9-acetyl chloride 
(CRA-C1) and carbazole-9-propionyl chloride (CRP-C1) [27], are being developed 
for improvement. 
All these derivatized amino acids are detected by either uv or 
fluorescent detectors. Instead ofusing these common detectors, Nieto used cathodic 
stripping square wave voltammetry to quantify the amino acids in urine after a 
simple and rapid reaction with 4-chloro-7-nitrobenzofurazane [28]. 
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Automation is another hot topic in the development ofamino acid 
analysis by liquid chromatography. PICO.TAG™ method was developed by Waters 
Associates so that derivatization and separation of amino acids were performed 
automatically [21]. Heems's group developed a fully automated sample processor to 
perform precolumn derivatization ofboth primary and secondary amino acids with o-
phthaladehyde-3-mercaptopropionic acid and 9-fluorenylmethyl chloroformate 
(FMOC) [9]. 
For post column derivatization, underivatized amino acids are 
separated by HPLC and passed through post-column reactors, to which reagents are 
supplied by a separate pump. O P A [29], NBD-F, and 4'4'-dithiopyridine have been 
used as derivatizing agents [23]. Post-column derivatization requires an on-line 
reactor, which adds complexity to the system. Besides, it causes peak - broadening 
and additional baseline noise [30]. 
1.2.6. Capillary Electrophoresis 
Amino acids can also be separated by capillary electrophoresis. 
Nearly all separations are performed using fused silica capillaries. The amino acids 
are derivatized and the separated components are identified by on-line detection 
(UV, fluorescence, M S , conductivity). Separation mechanisms are based on a variety 
ofmolecular properties such as size, charge, chirality and hydrophobicity. Selective 
separation can be achieved by modifying the pH of the electrophoresis buffer 
solution or by the addition of organic solvents [23]. 
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1.2.7. Methods ofdetecting amino acid without derivatization 
Although derivatization can enhance the sensitivity and detectability 
ofthe amino acids, it suffers from certain drawbacks : the reaction procedures may 
be lengthy; the excess reagents may need to be removed before further processing; 
and the derivatized product may not be stable. Besides, certain derivatization 
reagents, for instance, O P A cannot react with secondary amino acids. As a result, a 
variety ofresearches on amino acids analysis without derivatization have been 
performed. 
Schuster developed a method for the rapid and quantitative 
determination offree amino acids and several vitamins in intravenous solutions and 
beverages without derivatization. The separation was performed on a NHi column 
with an acetonitrile/phosphate buffer gradient [31]. Moreover, Levin and Grushka 
showed that the combination ofcupric ions and alkylsulphonates in the mobile phase 
could separate eighteen amino acids isocratically and with uv detection [32]. In 
addition, the separation ofamino acids could also be achieved without derivatization 
by reversed-phase ion-pair chromatography with indirect uv detection as shown by 
Eslami et al [33]. 
Besides using uv detector to detect the underivatized amino acids after 
separation, other detectors were also found to be effective. Lau and Mok found that 
conductivity detection was a sensitive method to detect the underivatized amino 
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acids after separation with C N column [34]. Moreover, Welch's group demonstrated 
that the underivatized amino acids after anion exchange column separation could be 
detected by pulsed coulometric detection (PCD) and potential-sweep pulsed 
coulometric detection (PS-PCD) [35]. 
In the field ofcapillary electrophoresis, underivatized amino acids can 
also be determined by electrochemical detection [36] , direct [37] and indirect uv 
detection [38] and chemiluminescent detection [39]. 
1.3. Determination of amino acids by reversed-phase ion-pair 
chromatography 
Reversed phase chromatography is the most widely employed 
technique in HPLC today. The principle of the technique can be found in most 
analytical chemistry textbooks. According to the solvophobic theory ofHorvath, 
retention ofacompound on a reversed-phase column increases with the increased 
hydrophobic qualities ofthat compound. Ionized compounds, therefore, have the 
weakest interaction with reversed-phase packings. Amino acids are zwitterionic 
compounds with the pKa ofthe acid function less than 5 and the pKa ofthe amino 
function greater than 8. Buffered eluents of pH 2 to 3 will suppress carboxylic acid 
ionization and will leave the amino functions totally ionized. Chromatography of 
these positively charged free amino acids on reversed phase supports will typically 
yield either poor or skewed peaks [40]. 
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However, they can be separated by reversed-phase ion-pair 
chromatography, which is a popular separation mode ofHPLC. The technique is 
based on the addition ofamphiphilic (surface active) ions to the mobile phase in 
order to enhance the retention ofionic sample components [41]. Kraak's group 
successfully separated amino acids by adding a small amount of anionic detergent to 
the mobile phase [42]. 
Although there are many mechanistic studies, the theory ofion-pair 
chromatography has remained a subject of debate over many years. Historically, two 
groups ofretention theories can be distinguished, namely, stoichiometric and non-
stoichiometric. 
At the introduction ofthe technique, stoichiometric theories were 
developed. These suggested that solute ions and pairing ions form stoichiometric 
complexes either in the mobile phase (ion-pair model) or at the stationary phase 
(dynamic ion-exchange model) [41]. 
The ion-pairing adsorption model assumes the formation ofan ion-
pair in the polar mobile phase followed by the adsorption of this uncharged complex 
on the hydrophobic stationary phase [43]. The dynamic ion-exchange model 
presumes that the amphiphilic ion-pair reagent molecules adsorb together with their 
inorganic counter ions on the stationary phase and cause the column to behave as a 
dynamically generated ion exchanger. The retention of solute ion is then assumed to 
be due to ion exchange with the inorganic counter ions [42], [44；. 
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In a fundamental study on stoichiometric models, Knox and Hartwick 
pointed out that the mathematical relationships governing both models were formally 
the same [45]. 
Bidlingmeyer et aL found that neither the ion-pair formation 
hypothesis nor the ion-exchange hypothesis could interpret their data satisfactorily. 
They presented the ion-interaction mechanism, which assumed dynamic equilibrium 
ofthe lipophilic ion resulting in an electrical double layer forming on the surface. 
The retention ofthe sample resulted from an electrostatic force due to the surface 
charge density provided by the reagent ion and from an additional sorption effect 
onto the nonpolar surface [46], [47]. Kong et aL applied this model to explain their 
data with success [48]. 
The non-stoichiometric models describe the retention of ionic analytes 
without the formation ofchemical complexes. There are four models proposed, 
namely, surface adsorption double layer model developed by Stahlberg and co-
workers, liquid partition double layer model by Weber and Orr, surface adsorption, 
diffuse layer ion-exchange double layer proposed by Cantwell and surface ion-
exchange, diffuse layer ion-exchange double layer model by Deeler and Van der 
Berg [49]. All these models assume that the retention of solute ions is partly 
determined by their interaction with the electric field created by the adsorbed pairing 
ion. Therefore, the effect ofthe pairing ion is assumed to be indirect and acts through 
establishing a certain electrostatic surface potential [41]. 
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1.4. The objectives ofthe study 
The amino acid analysis by reversed-phased chromatography is 
usually performed with derivatization and detected either with uv or fluorescence 
detectors. As derivatization suffers from several disadvantages, it is best to perform 
analysis without derivatization. Besides, it is found that other types ofdetectors can 
also be used. Lau and Mok used conductivity detector to detect the separated amino 
acids with a C N column [34]. The column used was slightly polar in nature. In order 
to fmd out whether the combination of reversed phase ion-pair chromatography and 
conductivity detector can be used to detect amino acids, the various factors affecting 
the separation will be investigated. Moreover, the proposed method is then applied to 
determine the amino acid content ofcertain food samples including citrus fruits 
(oranges, grapefruits, lemons and tangerines obtained in local market), orangejuice 
drinks on sale locally, honey and energy drink. 
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Chapter 2: Experimental 
2.1. Materials 
The amino acid standards were from Sigma. The Dowex resin (50W 
X 8) was from Fluka. In all experiments, Milli Q water (Millipore) was used. 
Methanol was from B D H while acetonitrile was from Mallinckrodt. Both organic 
solvents were ofHPLC grade. Perchloric acid (Merck) solutions were diluted from a 
60% solution which was ofanalytical grade. The sodium salt of 1-octanesulphonate 
was from Sigma. Both hydrochloric acid and ammonia solutions were from Riedel-
de Haen. Glacial acetic acid (Merck) was of analytical grade. 
2.2. Apparatus 
The HPLC system consisted of a Waters 510 pump, Rheodyne 20^iL 
injector, Waters Nova Pak guard-pak insert, Waters Nova Pak Cis cartridge 80 X 100 
m m , Alltech conductivity detector and Hitachi integrator. 
The samples were lyophilized with a freeze drier (Virtis, N e w York). 
2.3. Samples 
The oranges, grapefruits, tangerines and lemons were purchased from 
the supermarket. The oranges were purchased in two different years. Their origins 
were unknown. Thejuice samples were also purchased from a supermarket. The 
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honey samples were from both China and New Zealand. The energy drinks were 
purchased from a chained drug store. 
2.4. Procedures 
2.4.1. Preparation of amino acid standard solutions ( stock solutions ) 
About 0.3 g ofeach amino acid was weighed accurately. They were 
then dissolved separately in 5.0 m L H C L ( O.lM). The working solutions were 
prepared by diluting the stock amino acid solutions with 0.01M HCL. 
2.4.2. Method development 
The mobile phases with various concentrations oforganic solvent 
(either methanol or acetonitrile) or ion-pair reagent (1-octanesulphonate sodium salt) 
were prepared to observe their effects on separation. lOO^ig/mL ofeach individual 
amino acid was injected. Their retention times were noted. Hence, the capacity 
factors ofthe amino acids in different composition of mobile phase could be 
calculated. These data were then used for the optimization of the HPLC system. The 
linearity and detection limit ofthe proposed method for each amino acid were also 
investigated. 
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2.4.3. Samples preparation 
The oranges, grapefruits, tangerines and lemons were hand-squeezed 
to obtain the juices, which were then centrifuged at 3000 rpm for 10 minutes to 
remove the sacs. The supematants were then filtered with filter paper (Toyo 7cm, 
100 circles, qualitative). The filtrates were stored at 4。C. 
An aliquot (15.0 mL) offreshly squeezed orangejuices, grapefruit 
juices, tangerinejuices, lemonjuices, commercial orangejuice products or energy 
drink solutions were adjusted to pH 2.3 with glacial acetic acid. The solutions were 
then diluted to either 25.0 or 30.0 m L with milli Q water. All the pH adjusted 
solutions were stored at 4°C. 
For honey samples, 10.0 m L Milli Q water was added to about 25.0 g 
ofhoney and mixed. The pH ofthe solutions were adjusted with glacial acetic acid to 
pH 2.3. They were then diluted to either 50.0 or 60.0 m L with Milli Q water, and 
then stored at 4°C. 
2.4.4. Preparation ofDowex column 
1.0 g ofDowex 50W X 8 were weighed. It was then washed with 
Milli Q water several times and transferred to a 1-cm diameter mini plastic column 
filled with Milli Q water. After the settling down of the resin, the column was 
18 
conditioned with 10 m L ofHCL (lM), followed by 10 m L ofMilli Q water and was 
ready for use. 
2.4.5. Extraction ofamino acids from samples 
The isolation ofamino acids from samples was performed according 
to Adam's method [50] with modification by Pirini et al. [16]. 1.0 m L of pH adjusted 
sample or standard solution was loaded onto the Dowex column after pre-
conditioning. The column was then washed with 10 m L ofMilli Q water, and 30.0 
m L ofammonia solution (2M). The 2 M ammonia solution fraction was collected 
with a 30-mL glass bottle and stored at 4。C. The column could be regenerated by 
washing with 20 m L ofMilli Q water, 10 m L ofHCL (lM) and 10 m L ofMilli Q 
water. 
10.0 m L ofthe 30.0 m L ammonia eluate collected was pipetted 
accurately for lyophilization. When the samples were completely dried, they were 
reconstituted with 500 ^ iL ofHCL (O.OlM), and 20 ^ iL of the reconstituted samples 
was injected into the HPLC system. The concentration of the amino acids in the 
samples were calculated by external standard method. 
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2.4.6. Recovery test 
The pure aminq&cid standards were injected into the HPLC system. 
I •_ 
The results were compared with those obtained after passing through Dowex column 
and lyophilized and those with lyophilization only. 
Also, the samples were spiked with known concentration ofpure 
amino acid standards, passed through Dowex column, and then lyophilized. The 
recovery of the amino acids were then calculated. 
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Chapter 3 : Results and Discussions 
3.1. Optimization 
The column selected for the present study is the C!8 column, which is 
the most common column used for the HPLC work. The factors affecting the 
separation ofamino acids in the proposed method included pH, the ion-interacting 
reagent, the organic modifier and temperature. The effects of these factors on the 
detector responses were assessed in order to determine the optimum conditions. 
3.1.1. pH 
The purpose ofadding millimolar amounts of acid to the mobile phase 
is to create a background conductance in the system. As the conductance ofamino 
acids is much smaller, the elution of amino acids in the proposed system causes a 
decrease in conductance, which enables indirect conductimetric detection ofamino 
acids. In addition, the presence ofacid ensures that the amino acids exist in cationic 
forms. 
In a previous study by Lau and Mok [34], it was found that the 
detector responses using perchloric and trichloroacetic acids were similar. The 
detector response was slightly higher for perchloric acid. Therefore, perchloric acid 
was used for the whole experiment. 
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The Ci8 column (Waters) performed best in the pH range between 3 
and 8. In an experiment to investigate the pH of a 7 percent acetonitrile solution, the 
following results were observed. 
Table 1: pH ofa7 percent acetonitrile solution at different concentrations of 
perchloric acid  
Concentration of perchloric acid (mM) Measured pH 




At acid concentrations over 1.5 m M , the pH of the solution was lower than 3, 
which would cause detrimental effects to the column. The optimal acid concentration 
for the column condition should be 0.5 m M . However, Lau and M o k [34] found that 
the detector response ofeach amino acid increased with the concentration ofthe acid 
and in order to ensure that all the amino acids exist in the cationic forms, 1.0 m M of 
acid was used for the whole experiment. At this concentration, the column still 
performed properly. 
3.1.2. Ion-interacting reagent 
Ci8 column is highly hydrophobic. As the amino acids exist as cations 
in the system, there will not be any interaction theoretically. When the mobile phase 
contained no ion-interacting reagent, no peaks for amino acids was observed. In the 
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presence ofion-interacting reagent, the peaks of amino acids were eluted. 
Consequently, the presence ofion-interacting reagent ensures the interaction of 
amino acids with the packing materials of the column. 
Alkylsulphonates are the most prevalent ion-interacting reagents for 
the detection ofamino acids. The more bulky groups of alkylsuphonates, for 
instance, naphthalenesulphonates , guarantees a strong adsorption on the hydrophobic 
support. However, a large volume ofeluent is needed before equilibrium is achieved 
[42]. Moreover, the solutes are so strongly retained that the retention times are 
excessively long. Besides, the solubility ofbulky alkylsuphonates in eluent is usually 
limited. As a result, the use ofbulky alkylsulphonates as ion-interacting reagents is 
unfavourable. On the other hand, the solubility and equilibrium time is most 
favourable for the alkylsulphonates with short alkyl chain. However, the retention of 
amino acids is too short to effect separation. Consequently, a medium size of 
alkylsulphonate, for example, octanesulphonate, is used. 
The effect ofdifferent concentrations of octanesulphonate on the 
capacity factors ofthe amino acids are given in Tables 2 and 3. The graphical 
presentations are shown in Figures 1 and 2. 
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Table 2 : The capacity factors ofamino acids with different concentrations ofion-
pairing reagent 
Organic solvent: Methanol fixed at 20 percent  
Capacity factor (k,) Concentration of 1 -octanesulphonate (mM) 
"A^^ino acid 0.50 0.75 1-00 
hydroxyproline 0.54 0.62 0.65 
aspartic acid 0.71 0.81 0.86 
asparagine 0.80 0.93 0.98 
serine 0.88 1.01 1.07 
glycine 1.04 1.21 1.27 
glutamic acid 1.01 1.17 1.26 
threonine 0.79 1.14 1.24 
alanine 1.27 1.51 1.60 
proline 0.81 0.94 1.00 
valine 3.24 3.84 4.43 
tyrosine 5.26 6.25 7.62 
histidine - 8.88 9.73 
isoleucine 8.64 - 13.07 
leucine 8.95 - 14.10 
lysine - 12.78 14.91 
phenylalanine 8.92 - 18.93 
arginine ^ ^ • 
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Table 3 : The capacity factors ofamino acids with different concentrations ofion-
pairing reagent 
Organic solvent: Acetonitrile fixed at 7 percent  
Capacity factor (k') Concentration of 1 -octanesulphonate (mM) 
Amino acid | ^ ]£ 2.0 
hydroxyproline 0.56 0.93 -
aspartic acid 0.64 0.73 0.87 
asparagine 0.86 0.88 1.04 
serine 0.95 0.97 1.09 
glycine 1.16 1.20 1.36 
glutamic acid 1.14 U 4 1.31 
threonine 1.07 1.10 1.24 
alanine 1.46 1.48 1-63 
proline 1.06 " 0 1.51 
valine 3.65 4.02 4.06 
tyrosine 7.88 8.33 9.49 
histidine - 10.01 11.00 
isoleucine - H-37 12.00 
leucine - 13.25 14.67 
lysine - 14.52 16.50 
phenylalanine 21.76 22.00 24.62 
arginine ^ ^ 23.33 
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Figure 1 ; The capacity factors of amino acids as a function ofthe concentration of 1-
octanesulphonaie 
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Figure 2 : The capacity factors of amino acids as a function of the concentration of 
1-octanesulphonate • ‘ . 
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Both Figures 1 and 2 showed that the capacity factors ofthe amino 
acids increased with increasing concentration of ion-interacting reagent with the use 
offixed concentration ofeither methanol or acetonitrile as organic modifier. This 
observed trend was in agreement with literature data[51], [33], [42]. According to 
Bartha, the solute retention is primarily governed by the surface concentration ofthe 
ion-pair reagent [52]. The increase in capacity factor was not prominent for the early 
eluting amino acids : hydroxyproline, aspartic acid, asparagine，serine, glycine， 
glutamic acid, threonine, alanine and proline. This revealed that other factors other 
than ion-interaction reagent influenced the separation. 
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3.1.3. Organic solvent 
The effects oforganic modifier on the retention of amino acids are 
given in Tables 4 and 5 and Figures 3, 4 and 5. 
Table 4 : The capacity factors ofamino acids with varying concentration oforganic 
modifier  
1 -octanesulphonate kept at 1 m M  
Capacity factor (k') Concentration of acetonitrile ^ >ercentage) 
Amino acid 2 3 5 1 10 
hydroxyproline ^ ^ ^ ^ ' 
aspartic acid 0.91 0.89 0.87 0.64 -
asparagine U 3 1.06 1.01 0.86 -
serine 1.22 1.15 1.09 0.97 -
glycine 1.45 - 1.37 1.16 -
glutamic acid 1.76 1.75 1.43 U 4 -
threonine 1.63 1.62 1.35 1.07 -
alanine 2.19 2.16 1.78 1.46 -
proline 2.01 1.86 1.40 1.06 -
valine 10.41 7.11 5.50 4.02 1.85 
tyrosine 12.92 - 10.15 9.49 -
leucine - 37.3 23.42 - 6.27 
phenylalanine - - 38.29 24.62 8.79 
arginine - - 34.00 23.08 8.42 
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Table 5 : The capacity factors ofamino acids with varying concentration of 
organic modifier  
1 -octanesulphonate kept at 1.5mM  
Capacity factor (k,) Concentration of acetonitrile (percentage)  
^ n o a c i d 0 6 7 7.5 8.5 10 
hydroxyproline 1.42 _ 0.93 - - _ 
aspartic acid 1.55 _ 0.87 _ _ _ 
asparagine 1.65 - 1.04 - _ _ 
serine 1.80 • 1.09 _ _ " 
glycine 2.10 - 1.36 - - " 
glutamic acid 3.24 - 1.31 _ “ ‘ 
threonine 2.89 - 1.24 - - “ 
alanine 3.85 - 1.63 _ _ _ 
proline 4.55 - 1.51 - " _ 
valine 8.20 3.65 3.30 2.81 2.62 1.71 
tyrosine - 7.88 6.28 6.13 - 2.75 
histidine - 10.01 8.97 8.35 7.54 5.18 
isoleucine - ^ 3 1 11.34 10.43 8.62 6.48 
leucine - 13.45 13.25 10.77 8.77 6.71 
lysine - 14.52 13.65 12.92 11.44 7.82 
phenylalanine - 21.76 20.04 16.67 12.30 9.17 
arginine - 20.71 19.90 17.17 12.64 9.68 
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Figure 3 : The capacity factors of amino acids as a flmction of the concentration of 
acetonitrile 
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Figure 4 : The capacity factors of selected amino acids as a function of the 
concentration 9f acetonitrile 
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Figure 5 : The capacity factors ofamino acids as a function ofthe concentration of 
acetonitrile ._ 
I 
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By varying the organic modifier concentration while keeping all other 
factors constant, the capacity factors of all amino acids decreased with increasing 
concentration ofacetonitrile as shown in Figures 3, 4, and 5. The observed effect was 
in agreement with that reported previously [42], [33], [51], [53]. The decrease in 
capacity factors was most obvious for valine, tyrosine, histidine, isoleucine, leucine, 
lysine, phenylalanine and arginine. Eslami attributed the reduction in retention ofall 
amino acids with increase in concentration of organic modifier to the enhanced 
elution power ofthe mobile phase as a consequence of a decrease in polarity [33]. 
3.1.4. Temperature 
The effect oftemperature on the retention of amino acids were studied 
in selected amino acids for two temperatures. The results are shown in Table 6 and 
Figure 6. 
Table 6: Effect oftemperature on the capacity factors of amino acids 
HPLC mobile phase : perchloric acid - 1 m M , 1-octanesulphonate - 1.5 m M 
Capacity factor (k') Temperature (。C) 
Amino acid 22 30 
asparagine 0.84 0.71 
glycine 0.97 0.87 
glutamic acid 1.30 0.97 
threonine 1.14 0.98 
alanine 1-53 1.21 
proline 1.77 1.43 
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The capacity factors of all amino acids decreased when the 
temperature ofthe column increased. This was in agreement with results reported 
previously [54]. The decrease in retention observed with an increase in temperature 
in ion-pair chromatography was ascribed to a lower amount of ion-pairing reagent 
adsorbed on the surface of the stationary phase at higher temperatures [54]. 
As the increase in temperature was not favourable for the separation 
ofearly eluting amino acids like hydroxyproline, aspartic acid and asparagine etc, the 
temperature for the whole experiment was kept at 22°C. 
3.1.5. Chromatographic conditions 
From previous experiments, it was found that there was no single 
condition to effectively separate all the amino acids. With the presence of an organic 
modifier such as acetonitrile, threonine, all the non-essential amino acids except 
tyrosine could not be resolved sufficiently. On the other hand, the retention ofthe 
essential amino acids was much increased with the absence of the organic modifier. 
Consequently, the separation should best be performed with gradient elution. 
However, the apparatus for gradient elution was unavailable at the time of study. 
Also it was known that the conductivity detector does not perform well with gradient 
elution, so two mobile phase systems were used for the separation of amino acids. 
The first mobile phase system consisted of 1.5 m M 1-
octanesulphonate sodium salt and 1 m M perchloric acid in Milli Q water. It is for the 
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separation ofthe early eluting amino acids : hydroxyproline, aspartic acid, serine, 
glycine, threonine, glutamic acid, alanine and proline. The retention times ofthese 
early eluting amino acids are shown in Table 7 and the chromatogram in Figure 7. 
Table 7. The retention time ofamino acids in mobile phase consisted ofl.5 m M 1-
octanesulphonate sodium salt and 1 m M perchloric acid in Milli Q water. . 
Amino acid Retentiontime(min)  
hydroxyproline 5.41 
aspartic acid 5.70 
• 6 12 serine "•“ 
glycine 6.64 
threonine 9.06 
glutamic acid 9.78 
alanine 10.8^ 
proline ^ ^  
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Figure 7 : Sepiu-ation of amino acids with mobile phase I solution 
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detector : conductivity 
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The second mobile phase system was composed ofl.5 m M 1-
octanesulphonate sodium salt and 1 m M perchloric acid in 7 percent acetonitrile 
solution. The elution order ofamino acids in ascending order in this mobile phase 
was as follows : valine, tyrosine, histidine, isoleucine, leucine, lysine and arginine. 
The retention time ofthese amino acids are shown in Table 8 and the chromatogram 
in Figure 8. 
Table 8 : The retention time of amino acids in mobile phase consisting of 1.5 m M 1 -
octanesulphonate sodium salt and 1 m M perchloric acid in 7 percent acetonitrile 
solution  









Figure 8 : Separation of amino acids with mobile phase II solution 
Chromatographic conditions : 
column : Nova Pak C18 cartridge 80X 100mm 
column temperature : 22°C 
composition ofmobile phase : 1.5 mM 1-octanesulphonate, l.OmM perchloric acid 
in 7 percent acetonitrile solution 
flow rate : 1.0 mL per minute 
detector : conductivity 
injection volume : 20 i^L 
Chromatographic peaks : 
1. valine (12.5 mg/L) 
2. tyrosine (12.5 mg/L) 
3. histidine (12.5 mg/L) 
4. isoleucine (12.5 mg/L) 
5. leucine (12.5 mgfL) 
6. lysine (12.5 mg/L) 
7. arginine (250 mg/L) 
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The overall retention ofamino acids in ascending order was as 
follows: hydroxyproline, aspartic acid, serine, glycine, threonine, glutamic acid, 
alanine, proline, valine, tyrosine, histidine, isoleucine, leucine, lysine and arginine. 
The retention order was a little bit different from that of ion-exchange separation. 
The elution order ofion-exchange separation was : aspartic acid, threonine, serine, 
glutamic acid, proline, glycine, alanine, valine, isoleucine, leucine, tyrosine, lysine, 
histidine and arginine [40]. This indicated that the solvent generated dynamic ion-
exchanger theory proposed by Kraak [42] was not completely applicable here. Other 
types ofseparation mechanism such as the ion-pair model, ion-interaction theory and 
electrical double layer theory might also play a role. 
The retention order ofthe early eluted amino acids was in the same 
order ofthat from Petritis,s study. Petritis used perfluorinated carboxylic acids as ion 
pairing agent to detect underivatized polar amino acids using evaporative light 
scattering detection [55]. According to Petritis, “ The ion-pairing agent added to the 
mobile phase, when flowing in isocratic conditions induced a dynamic modification 
ofthe surface ofthe reversed-phase packing material. Under these chromatographic 
conditions, hydrophobic interactions between hydrophilic amino acids and the 
stationary phase could occur only through a concerted mechanism involving the 
stationary phase, the ion-pairing agent and the solute [55].，’ 
Petritis also used Cig column (Purospher RP-18e) for separation. As 
different columns and ion-pair reagents produced the same elution order ofamino 
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acids, it indirectly proved that the effect ofthe pairing ion was assumed to be indirect 
and acted through establishing a certain electrostatic surface potential [41]. 
There were extra peaks known as system peaks in the chromatograms 
ofboth mobile phases. These peaks often appear in liquid chromatograms when a 
multicomponent eluent is used or when the sample is dissolved in a solution different 
from the mobile phase. According to Stranahan, the reasons for the occurrence of 
these peaks include solvent displacement, preferential solvation, ion interaction on 
the stationary phase, solvent demixing, preferential evaporation ofacomponent of 
the sample, slow or incomplete mixing of the sample solvent, local changes in 
mobile phase moderator concentrations caused by injection ofsample, solvophobic 
interactions in the mobile phase, competing distribution processes and the presence 
of impurities [56]. 
The system peaks ofthe first mobile phase eluted from eighteen to 
twenty-one minutes while that ofthe second mobile phase eluted from thirteen to 
nineteen minutes. The presence ofthese peaks affected the study to some extent. For 
the first mobile phase, the analytes were not affected as they all eluted well before 
their elution. However, the time for completion of each injection should be longer in 
order to ensure the system peaks were completely eluted. Otherwise, the analytes of 
the next injection would be affected. It was found that thirty minutes for each 
injection was sufficient. 
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The effect on the second mobile phase was higher. Firstly, methionine 
eluted within the system peaks. Therefore, methionine could not be detected 
accurately as it was quite difficult to differentiate its peaks from others. Secondly, 
valine eluted before the system peaks while tyrosine, histidine, isoleucine, leucine, 
lysine and arginine eluted after them. The peaks eluted before or after system peaks 
had different signs ofdirection. This could create problems if the integrator or the 
recorder could not calculate peaks from both directions. Fortunately, the integrator 
used in this study could integrate peaks from both directions, this did not pose any 
problems here. 
The linearity ranges ofthe detected amino acids were from 
0 _ 500^ig/mL. The correlation coefficients of all the amino acids were 0.999. 
The detection limits ofthe amino acids are shown in Table 9. 
Table 9 : Detection limits of the amino acids. 
Amino acids Without concentration With 10 X concentration 
after lyophilization (nmol) after lyophilization(pmol) 
hydroxyproline 0.31 30.53 
aspartic acid 0.30 ^0.05 
serine 0.38 38.06 
glycine 0.53 53.28 
threonine 0.34 33.58 
glutamic acid 0.27 27.19 
alanine 0.45 44.89 
proline 0.35 34.75 
valine 0.17 17.08 
tyrosine 0.11 11.04 
histidine 0.13 13.40 
isoleucine 0.15 15.24 
leucine 0.15 15.24 
lysine 0.44 43.81 
arginine OS^ ^ ^  
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The detection limits were comparable to other established methods. 
Besides, the detect ion limit could be lowered by concentrating the samples after 
lyophilization. 
The percentage recovery ofamino acid standards after lyophilization 
and both processes ofDowex column and lyophilization are given in Table 10. 
Table 10 : Percentage recovery ofamino acids standards after lyophilization and both 
passing through Dowex column and lyophilization  
Amino acids Lyophilization only Dowex column and 
lyophilization  
hydroxyproline 95.7 9924 
aspartic acid 96.6 94.9 
serine 97.5 99.9 
glycine 94.5 101.8 
threonine 103.2 %.5 
glutamic acid 98.4 99.7 
alanine 101.7 100.5 
proline 97.4 98.4 
valine 95.2 96.2 
tyrosine 98.6 94.4 
histidine 95.7 96.4 
isoleucine 95.7 96.7 
leucine 98.4 93.9 
lysine 95.0 92.5 
arginine 92.9 ^  
The percentage recovery of standard amino acids for lyophilization 
only were from 92.9 to 103.2 while the percentage recovery of standard amino acids 
after both process ofDowex column and lyophilization were from 92.5 to 101.8. The 
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high percentage recovery indicated that lyophilization and the process ofpassing 
amino acid solutions through Dowex column would not affect the results. 
Although two mobile phases were needed for the separation of amino 
acids, the linearity range, detection limit and recovery revealed that reversed-phase 
ion-pair chromatography with indirect conductivity detection was applicable for 
amino acid determination. The amino acids need not be derivatized by using this 
method. 
3.2. Application 
3.2.1. Precision of injection 
The precision ofthe injection was important as external standard was 
adopted in the study. Each amino acid standard was repeatedly injected six times. 
The precision of the injection of different amino acids are given in Table 11. 
Table 11 : Precision of injection  
Amino acid C V (%) 
hydroxyproline 3.96 








The C V for all amino acid standards except one were less than 4.67%, 
while that for serine was 5.22. Hence, the precision of injection was sufficiently good 
for measurements. 
3.2.2. Accuracy ofthe method 
The accuracy ofthe method was tested by spiking known 
concentration ofthe amino acid standard solutions (50mg/L) into the sample 
solutions. The amino acids concentration in both the unspiked and spiked samples 
were determined. The data for the results are given in Tables 12 and 15. 
Table 12 : Percentage recovery of 50mg/L of each amino acids spiked into an orange 
sample  
Sample Orange # 3  
Amino acid Neat (mg/L) After spiking (mg/L) Percentage 
aspartic acid 303.94 351.56 ^ 
serine 111.01 157.52 93.0 
glycine 15.52 62.27 93.5 
threonine 303.78 351.28 95.0 
glutamic acid 36.53 84.85 %.6 
alanine 41.93 91.41 99.0 
proline 776.07 823.09 94.0 
valine 18.86 66.86 96.0 
tyrosine 9.44 57.48 96.1 
histidine 17.50 66.40 97.8 
isoleucine 32.93 79.83 93.8 
leucine 25.95 72.65 93.4 
lysine - 49.20 98.4 
arginine 873.88 922.18 96.6 
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Table 13 : Percentagerecovery of50mg/L ofeach amino acids spiked into a fmitjuice 
sample 
Sample Juice#14  
Amino acid Neat (mg/L) After spiking (mg/L) Percentage 
recovery 
aspartic acid 1118.24 H66.99 " ^ 
serine 187.70 238.35 101.3 
glycine 28.60 77.03 %-9 
threonine 532.71 581.54 97.7 
glutamicacid - 49.60 ^9.2 
alanine 180.41 227.57 94.3 
proline 1047.07 1096.35 98.6 
valine 29.01 76.51 95.0 
tyrosine - 49.09 98.2 
histidine 13.79 61.92 96.3 
isoleucine 13.65 64.87 102.4 
leucine - 48.94 97.9 
lysine - 49.17 98.3 
arginine 1387.87 1436.15 96.6 
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Table 14 : Percentage recovery of 50mg/L of each amino acids spiked into an honey 
sample  
Sample Honey # 7  
amino acid Neat (mg/L) After spiking (mg/L) Percentage 
recovery 
aspartic acid - 49.27 98.5 
. 49 51 99.0 serine - y^.^ i^  
glycine - 50.70 101.4 
threonine - 47.86 95.7 
glutamic acid _ 48.75 97.5 
alanine 23.75 72.29 97.1 
proline 881.11 931.87 101.5 
valine 5.59 53.87 %.6 
tyrosine - 48.92 97.8 
histidine - 47.79 95.6 
isoleucine - 48.56 97.1 
leucine - 49.22 98.4 
lysine - 49.40 98.8 
arginine 259.78 3 ^ ^  
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Table 15: Percentage recovery of50mg/L ofeach amino acids spiked into an energy 
drink sample 
Sample Energydrink#2 
amino acid Neat (mg/L) After spiking (mg/L) Percentage recovery 
aspartic acid = ^ ^ 
. 48 92 97.84 serine - no.y^ 
glycine _ 50.25 100.50 
threonine - 49.62 99.24 
glutamic acid - 51.08 102.16 
alanine - 48.54 97.08 
proline - 49.58 99.16 
valine 507.38 554.83 94.90 
tyrosine - 48.24 %.48 
histidine - 48.77 ^7.54 
isoleucine 661.22 710.12 97.80 
leucine 1454.90 1504.28 98.76 
lysine - 47.81 95.62 
arginine 2611.72 2660.91 ^  
The percentage recovery of the amino acids in the spiked samples 
were found to be between 93.0 tol02.4, and might be considered good. 
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3.2.3. The concentration ofamino acids in food samples 
3.2.3.1. Citrus fruits 
The concentration ofamino acids in the citrus fruits including 
oranges, tangerines, lemons and grapefruits are shown in Tables 16, 17, 18 and 19 













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Figure 12 : Chromatograms of a g r a p e f r u i t sample 
t 
Chromatographic conditions : column : Nova Pak C!8 cartridge 80 X 100mm 
column temperature : 22°C 
flow rate : 1.0 mL per minute 
detector : conductivity 
injection volume : 20 i^L 
composition ofmobile phase for A : 1.5 mM 1-octanesulphonate, l.OmM perchloric 
acid in Milli Q water 
composition ofmobile phase for B : 1.5 mM 1-octanesulphonate, l.OmM perchloric 
acid in 7 percent acetonitrile solution 
chromatographic peaks : 1. aspartic acid, 2. serine, 3. glycine, 4. threonine, 5. 
glutamic acid, 6. alanine, 7. proline, 8. valine, 9. tyrosine, 10. histidine, 11. 
isoleucine, 12. leucine, 13. arginine 
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Figure 12 : Chromatograms of a grapefruit sample 
Chromatographic conditions : column : Nova Pak Cis cartridge 80 X 100mm ‘ 
column temperature : 22°C 
flow rate : 1.0 mL per minute 
detector : conductivity 
injection volume : 20 }iL 
composition ofmobile phase f o r A : 1.5 mM 1-octanesulphonate, l.OmM perchloric 
acid in Milli Q water 
composition ofmobile phase forB : 1.5 mM 1-octanesulphonate, l.OmM perchloric 
acid in 7 percent acetonitrile solution 
chromatographic peaks : 1. aspartic acid, 2. serine, 3. glycine, 4. threonine, 5. 
glutamic acid, 6. alanine, 7. proline, 8. valine, 9. tyrosine, 10. histidine, 11. 
isoleucine, 12. leucine, 13. arginine 
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Figure 12 : Chromatograms of a grapefruit sample 
‘ Chromatographic conditions : column : NoVa Pak Cis cartridge 80 X 100mm 
column temperature : 22°C 
flow rate : 1.0 mL per minute 
detector : conductivity 
injection volume : 20 .uL 
composition of mobile phase for A : 1.5 mM 1-octanesulphonate, l.OmM perchloric 
acid in Milli Q wacer 
c o m p o s i t i o n o f m o b i l e phase f o r B : 1.5 mM 1-octanesulphonate, l.OmMperchloric 
acid in 7 percent acetonitrile solution 
chromatographic peaks : 1. aspartic acid, 2. serine, 3. glycine，4. glutamic acid, 5. 
alanine, 6^proline, 7. valine, 8. tyrosine, 9. histidine, 10. isoleucine, 11. leucine, 
12.1ysine, 13. arginine 
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Figure 12 : Chromatograms of a grapefruit sample 
� Chromatographic conditions : column : Nova Pak Ci8 cartridge 80 X 100mm 
column temperature : 22°C 
flow rate : 1.0 mL per minute 
detector : conductivity 
injection volume : 20 \JiL 
composition ofmobile phase forA : 1.5 mM 1-octanesulphonate, l.OmM perchloric 
acid in Milli Q water 
composition ofmobile phase for B : 1.5 mM 1-octanesulphonate, l.OmM perchloric 
acid in 7 percent acetonitrile solution 
chromatographic peaks : 1. aspartic acid, 2. serine, 3. glycine, 4. threonine 5. 
glutamic acid, 6. alanine, 7. proline, 8. valine, 9. tyrosine, 10. histidine, 11. 
isoleucine, 12. leucine, 13.1ysine, 14. arginine 
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The concentration ranges of amino acids obtained for the four citrus fruits 
were not exactly the same as given by reference [12]. It is also noted that the 
coefficients variation for most amino acids in these fmit samples were significantly 
larger than ten percent. Factors such as geographical region, genetic variation, 
weather, year of growth, processing and degree of maturity, have been reported to 
affecttheresults [57], [58],[59]. 
The mean concentrations ofsix most abundant amino acids, namely, aspartic 
acid, serine, proline, glutamic acid, alanine and arginine, are shown in Table 20. 
Table 20 : The mean concentrations ofsix most abundant amino acids {mgOJ) 
i ^ ~ " " ^ ^ ^ c ” ^ ^ proline glutamic~alanine~"arginine 
acid add 
" ^ ~ ~ ^ ~ " 1 ^ ~ " S ^ " " ^ n I ^ ~ ~ 9 ^ 1376.18 
tangerine 943.14 172.67 681.48 439.21 101.60 980.15 
lemon 432.44 233.96 239.98 325.86 157.37 141.96 
grapefruit 589.99 275.64 489.15 399.66 224.33 727.28 
By using t-test to compare the mean concentrations ofthe six most 
abundant amino acids, significant differences between tangerine and lemon were 
found in all the analysed amino acids except serine. The concentrations ofamino 
acids in tangerine and grapefruit were not significantly different except for alanine 
and serine. On the other hand, only the concentrations of proline and glutamic acid 
were significantly different in orange and tangerine. 
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The concentrations ofaspartic acid, proline, alanine and arginine in lemon 
was significantly different from those in grapefruits while the concenrations of 
proline, glutamic acid, alanine and arginine in lemon was significant different from 
those in oranges. 
The concentrations ofproline, glutamic acid, alanine and arginine in orange 
were significantly different from those in grapefruit. From the above results, the 
amino acids may be used to distinguish different types of citms fruit to some extent. 
3.2.3.2. Orange juice drinks 
The amino acid contents of a number of orange juice drinks were 
determined and the results are shown in Table 21. The chromatograms of selected 





























































































































































































































































































































































































































































































































































































































































Figure 13 : Chromatograms of fruitjuice number 3 
Chromatographic conditions : column : Nova Pak Cis cartridge 80 X 100mm 
column temperature : 22°C 
flow rate : 1.0 mL per minute 
detector : conductivity 
injection volume : 20 ^L 
composition of mobile phase for A : 1.5 mM 1 -octanesulphonate, l.OmM perchloric 
acid in Milli Q water 
composition of mobile phase for B : 1.5 mM 1 -octanesulphonate, l.OmM perchloric 
acid in 7 percent acetonitrile solution 
No chromatographic peaks of interest was observed. 
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Figure 14 : Chromatograms of fruitjuice number 14 
Chromatographic conditions : column : Nova Pak Cig cartridge 80 X 100mm 
column temperature : 22°C 
flow rate : 1.0 mL per minute 
detector : conductivity 
injection volume : 20 ‘uL 
composition ofmobile phase forA : 1.5 mM 1-octanesulphonate, l.OmM perchloric 
acid in Milli Q water 
composition ofmobile phase for B : 1.5 mM 1-octanesulphonate, l.OmM perchloric 
acid in 7 percent acetonitrile solution 
chromatographic peaks : 1. aspartic acid, 2. serine, 3. glycine, 4. threonine, 5. 
alanine, 6. proline, 7. valine, 8. histidine, 9. isoleucine, 10. arginine 
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Initially, it was planned to fmd the juice content of the orange juice drinks by 
comparing the concentrations of amino acids with that of the genuine orange juices. 
As the concentrations ofamino acids in oranges were affected by a number offactors 
[57], [58], [59], without knowing the history of the oranges used for the processing 
ofthe orange juice products, it is not possible to make resonable estimates. 
Therefore, thejuice content ofthe orange drinks were not calculated. 
From the results, no amino acids were detected in sample number 3, where no 
orange juice was indicated in the ingredients list on the bottle. On the other hand, 
amino acids ofvarious ranges were found in other orangejuice drinks. The 
manufacturers ofall these products claimed the presence of orangejuice in their 
products. Sample 14 claimed to be pure orangejuice and the results in Table 21 
indicated that the concentrations found for the various amino acids corresponded to 
those ofpure orangejuices. Consequently, amino acids may be used as a means to 
detect the authenticity of the juice samples. 
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3.2.3.3. Chinese honey 
The amino acid concentrations ofhoney from China are given in 
Table 22. The chromatogram ofone of the samples is given in Figure 15. 
Table 22 • The amino acid concentrations of Chinese honey (mg/g) • 
1 ^ ~ a s p a r t i c alanine proline valine tyrosine isoleucine leucine lysine arginme 
； ： 20.29 757.12 1 3 . 5 8 ~ " l 6 ^ 7 " " 撒。� 
2 _ 20.29 649.99 12.07 11.67 - - _ 216.55 
3 _ 20 29 817.68 18.10 39.16 28.08 21.08 30.21 682.60 
4 _ - 841.39 10.06 - 26.70 - - 562.99 
5 _ - 697.95 10.06 - _ _ _ 507.16 
6 1 3 1 . 7 2 3 7 . 4 6 5 7 4 . 5 2 1 0 . 0 6 - ： " 2 5 5 . 9 1 
1 = ； ； ^ “ - ~ " " 3 7 . 4 6 841.39 18.10 3 9 . 1 6 2 ^ ： 0 ^ " • : 二 
minimum - 20.29 574.52 10.06 11.67 26.70 - " 216.55 
= r *131.72 24.58 723.11 12.32 22.50 27.39 *21.08 *30.21 435.2 
standard - 8.59 102.13 3.17 14.64 0.98 - " 181.71 
deviation ^ “ 们 ^^ 
CV(o/o) - 34.92 14.12 25.76 65.08 3.56 - - 41.75 
* detected in only one sample 
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Figure 15: The chromatogram ofone of the Chinese honey 
Chromatographic conditions : column : Nova Pak Cig cartridge 80 X 100mm 
column temperature : 22°C 
flow rate : 1.0 mL per minute 
detector : conductivity 
injection volume : 20 ^L 
composition ofmobile phase for A : 1.5 mM 1-octanesulphonate, l.OmM perchloric 
acid in Milli Q water 
composition ofmobile phase fo rB: 1.5 mM 1-octanesulphonate, l.OmMperchloric 
acid in 7 percent acetonitrile solution 
chromatographic peaks : 1. alanine, 2. proline, 3. valine, 4. tyrosine, 5. arginine 
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3.2.3.4. New Zealand honey 
The amino acid concentrations in N e w Zealand honeys are given in 
Table 23. The chromatogram ofone of the samples is given in Figure 16. 
Table 23 • The amino acid concentration in New Zealand honey (mg/g)  
honey aspartic alanine proline valine tyrosine isoleucine leucine lysine arginine 
acid .cQ 70 
7 ： 23J5 8 8 1 . 1 1 5 . 5 9 - _ _ " 丄 外 丨 石 
8 - 30.59 1184.14 8.38 - - " _ 317.94 
9 89 93 40.85 1338.23 15.36 - 18.08 - _ 422.63 
10 332.51 34.01 1226.11 13.97 - 18.08 28.36 25.17 934.44 
11 - 16.91 971.16 7.94 20.28 8.34 10.73 - 157.95 
1 2 - 1 6 . 9 1 8 2 5 . 0 8 9 . 2 6 1 3 . 1 3 - ： ： ： 
maximum 332.51 40.85 1338.23 15.36 20.28 1 8 . 0 8 ~ 2 ^ " f = 
minimum 89.93 16.91 825.08 5.59 13.13 8.34 10.73 - l5T95 
mean 211.22 29.17 1070.97 10.08 16.71 14.83 19.55 25.17* 418.55 
standard 171.53 9.67 207.26 3.78 5.06 5.62 12.47 - 303.89 
deviation … ,_ __ 力 ^i 
CV(o/o) 81.21 35.6 19.35 37.45 30.27 37.91 63.78 - 7 2 ^ 
* detected in only one sample 
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From both Tables 22 and 23, the amino acid composition of different types of 
honey from the same country also showed variation and some amino acids were not 
detected. However, proline, valine and arginine were found in all Chinese honey 
samples under study while alanine, proline and valine were found in all N e w Zealand 
honey samples. The mean amino acid concentrations of alanine, valine and arginine 
ofboth China and N e w Zealand honeys were similar. The N e w Zealand honey 
samples had a much higher proline concentration, and the lowest proline 
concentration detected in the N e w Zealand honey samples was nearly the same as 
that found in the Chinese honey samples. Hence, the concentration ofproline 
together with the absence ofalanine (sample 4) or arginine (sample 12) or a higher 
concentration ofisoleucine (sample 3) may help to differentiate Chinese honey 
samples from New Zealand honey samples. 
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3.2.3.5. Energy drinks 
The concentration ofamino acids in two energy drinks from the same 
manufacturer were determined. The results are shown in Table 24. The 
chromatogram ofenergy drink two is shown in Figure 17. 
Table 24 : The amino acid concentrations in energy drinks (mg/L)  
1 ^ valine isoleucine leucine arginine 
i62Xn 6832^45 14919.17 25581.23 
2 5507.38 6612.20 14549.70 26117.16 
Percentage 2 2 % ^ ^ ^ 
difference  
Four amino acids, namely, valine, isoleucine, leucine and arginine, have been 
claimed by the manufacturer to be present in their products, however, the amounts 
were not specified. The results in Table 24 showed that these four amino acids were 
present in the two energy drinks. Further, the percentage difference in concentrations 
ofeach ofthese amino acid in sample 1 (with royaljelly added) and sample 2 (with 
ginseng added) were 3.3 or less indicating that these two energy drinks from the 




Figure 17 : The chromatogram of an energy drink (sample 2) 
Chromatographic conditions : column : Nova Pak Cis cartridge 80 X 100mm 
column temperature : 22°C 
flow rate : 1.0 mL per minute 
detector : conductivity 
injection volume : 20 p,L 
composition of mobile phase for A : 1.5 mM 1 -octanesulphonate, l.OmM perchloric 
acid in Milli Q water 
composition of mobile phase for B: 1.5 mM 1 -octanesulphonate, l.OmM perchloric 
acid in 7 percent acetonitrile solution 
chromatographic peaks : 1. valine, 5. isoleucine, 3. leucine, 4. arginine 
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Chapter 4: Conclusion 
The proposed method ofdetecting amino acids with conductivity 
detection is based on the method developed by Lau and M o k [34]. However, an ion-
pairing agent was used in the proposed method and a Ci8 column was used instead of 
a C N column, as the performance ofthe latter varied from column to column even 
though they were from the same manufacturer. 
Two mobile phases were needed for the separation ofthe common 
amino acids. The linearity ranges ofthe detected amino acids were from 0-500 
^ig/mL. The correlation coefficients ofall the amino acids were found to be 0.999. 
The detection limits ofthe amino acids ranged from 0.11 nmol to 0.57 nmol. The 
detection limits could be lowered to pmol level by lyophilization. The percentage 
recovery ofthe amino acids were also acceptable. 
The proposed method has been applied to determine the amino acid 
levels in citrus fruits, orangejuice drinks, honey and energy drinks, and satisfactory 
results were obtained. The proposed method provides a convenient and reliable 
means to determine the amino acid profiles in these samples. It may be used to 
decide whether the juice has been adulterated and to distinguish honey samples from 
China and N e w Zealand. 
The method cannot determine methionine and involves two mobile 
phases. However, these may not cause serious problems for the determination of 
samples containing very little methionine such as oranges and for the determination 
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ofindividual amino acids such as hydroxyproline in clinical samples [60] or 
glutamine in food samples [61]. 
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Appendices 
Table 1 : Ingredients of orange juice samples 
Sample higredients Manufacturer  
1 water, concentrated orange juice, sugar, natural flavouring, citric A.S. Watson group(HK)Ltd 
acid, preservative, vitamin C, natural colour 
2 carbonated water, sugar, concentrated orange juice, citric A.S. Watson group(HK) 
acid,natural flavouring, vitamin C (not less than 60mgy'350ml. 100% Ltd. 
U.S. RDA), preservative, colour 
3 carbonated water, sugar, citric acid, flavourings, preservative and Swire Coca-Cola HK Ltd 
colour 
4 water, orange juice, sugar, citric acid, natural flavouring and natural Swire Coca-Cola HK Ltd 
color 
5 carbonated water, sugar, concentrated orange juice, citric acid, A.S. Watson Industries Ltd 
preservative, colour 
6. Water, orange juice and sac, sugar, citric acid, vitamin C, natural Pokka corporation Ltd, 
flavouring, natural coloring, Original juice content: not less than Singapore 
15%, Original orange sac content: not less than 8% 
7 water, sugar, concentrated orange juice, citric acid, natural A.S. Watson group (HK) 
flavouring, stabilizer, vitamin C，colour 
8 carbonated water, sugar, glucose syrup, orange fruit, citric acid, Britvic softdrinks Ltd, 
flavourings, antioxidant (ascorbic acid), preservative(sodium Chelmsform, England 
benzoate), sweeteners (saccharin, aspartame), colour(beta carotene), 
contains a source of phenylalanine orange fruit 7% 
9 water, sugar, concentrated orangejuice, citric acid, ascorbic acid, Zhuhai Golden Coast 
natural orange flavouring, modified starch, glycerol ester of wood Winner Food Products Ltd 
rosin, permitted artificial food color (FD & C yellow #6)，El 10， 
gum acacia,preservative E211 
10 water, cane sugar, concentrated orangejuice, citric acid, natural Vitasoy International 
flavourings, ascorbic acid (vitamin C), stabilizer (E466), permitted Holdings Ltd 
natural colour (E160(b)) 
11 water, orange juice, sugar, citric acid, flavourings, vitamin C and p- Swire Coca-Cola HK ltd 
carotene 
12 carbonated water, orange juice, sugar, natural orange pulp and manufactured in Malaysia 
natural orange flavouring, no artificaial colour and flavouring under the license ofOrangia 
International 
13 natural fruit juice, citric acid, ascorbic acid, sugar and water, no Semarang, Indonesia under 
artificaial flavours, colours nor sweeteners added licence of Wild, Heidelberg-
Germany 
14 100% pure squeezes orange juice Tropicana Beverage HK Ltd 
15 water, orange juice with Mandarin sacs, sugar, citric acid, natural Park'N shop pulpy orange 
colouring and natural flavouring, vitamin C, orange juice and sacs juice drink 
more than 25% 
16 carbonated water, glucose syrup(24%w/v), orange juice made in England 
(10.4%w/v), citric acid, barley flour, stabilizer, sodium benzoate, 
sodium metabisulphide, ascorbic acid, flavourings, colours 
17 water, sugar, orange concentrate, orange cell, citric acid,vitamin C, Citrus growers international, 
natural flavours, pectin, natural colour a division ofA.S. Watson 
group(HK)Ltd 
18 natural mineral water, orange juice, sugar, whole soya beans, Adez, made in Argentina for 
especially selected, citric acid, pectin, ascorbic acid, calcium CPC/Aji (HK) Ltd 
chloride and carotene, contains 9 essential amino acids 
19 carbonated water(gas content 0.37%), fructose-glucose syrup, Otsuka Pharmaceutical Co. 
orange juice (11%), natural flavors, citric acid Ltd. Japan 
20 carbonated spring water, sugar, fruitjuice 10% (orange and Lime), Hall and Woodhouse Ltd.  
citric acid, flavourings, vitamin C Blandford Dorset England 
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Table 2 : Honey samples 
Sample Name Origin  
1 multifloral honey Eden, Guangzhou, China 
2 honey of litchi Eden, Guangzhou, China 
flower 
3 acacia honey Eden, Guangzhou, China 
4 honey oforange Eden, Guangzhou, China 
5 honey of Chinese Eden, Guangzhou, China 
milk vetch flower 
6 winter honey Eden, Guangzhou, China 
7 Manuka New Zealand 
8 Kamahi New Zealand 
9 Clover New Zealand 
10 Borage New Zealand 
11 Tawan New Zealand 
1 2 Rewarewa New Zealand  
Table 3 : Energy drinks 
Samp Ingredients Distributor 
Je  
1 water, high fructose com symp, Ajinomoto Co., (HK) 
honey, amino acid (L-arginine, L- Ltd 
leucine, L-valine, L-isoleucine), 
citric acid, royaljelly, vitamins B1, 
B2, B3, B5, B6, B12, C, sodium 
benzoate, alcohol and flavoring 
2 water, high fructose corn syrup, Ajinomoto Co., (HK) 
honey, amino acid (L-arginine, L- Ltd 
leucine, L-valine, L-isoleucine), 
citric acid, Korean Ginseng Extract, 
vitamins B1, B2, B3, B5, B6, B12, 
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